INTRODUCTION
, geoscientists of the U.S. Geological Survey and the U.S. Bureau of Mines conducted a field and laboratory study to evaluate the mineral resource potential of the Dirty Devil, French Spring-Happy Canyon, and Horseshoe Canyon Wilderness Study Areas (hereafter called "the study areas") in Wayne and Garfield Counties, Utah ( fig. 1 ). The study consisted of geologic mapping (Dubiel and others, 1985) , sedimentologic studies (Peterson, 1980; Dubiel, 1983) , geochemical sampling, and a study of prospects and mineralized areas. The U.S. Bureau of Mines researched the mines and prospects and investigated the exploration activity (Schreiner, 1984) .
The study areas, 6-30 mi east of Hanksville, Utah, together cover about 124,800 acres (Dirty Devil, 61,000 acres; French Spring-Happy Canyon, 25,000 acres; Horseshoe Canyon, 38,800 acres) in southeastern Utah. Access to the study areas is limited to unpaved roads originating at Utah State Highway 24 about 20 mi north of Hanksville, Utah, and to unpaved roads from Green River, Utah.
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GEOLOGY
The study areas are located on the gently dipping northwest flank of the Monument upwarp and are bordered on the northwest by the steeply dipping east flank of the Sen Rafael swell; both are north-trending monoclines. Numerous joints and normal faults having minor displacement trend northwesterly across the region. Rocks exposed in and near the study areas are sedimentary and range in age from Early Permian to Middle Jurassic ( fig. 2) . The strata have a combined total thickness of 2,600 ft and represent deposition in marine and continental environments. The White Rim Sandstone Member of the Cutler Formation was deposited during a marine transgression in Early Permian time and represents the oldest exposed strata in the study area. Regionally, the White Rim thins to the east of the study area onto the crest of the Monument upwarp; the thinning indicates growth of this structure during the Early Permian (Baars, 1979 (Grimes and Marranzino, 1968) .
Minerals in the heavy-mineral concentrates were also identified. A sample-locality map and a list of the data are given in Detra and others (1984) .
A few stream-sediment samples have anomalous values of silver or molybdenum (HM 237, HM 287, HM 288, HM 576), and several of the heavy-mineral concentrates have anomalous values of silver, gold, or lead (HM 576, HM 307, HM 295, HM 602, HM 359). These anomalous samples are from widely scattered localities in the study areas and appear to represent small, localized mineral occurrences rather than an area of mineral resource potential. Therefore, the geochemical sampling suggests that the study areas all have low potential for metallic and nonmetallic resources.
MINING DISTRICTS AND MINERALIZED AREAS
Six prospects and three adits within and along the southern boundary of the Dirty Devil and French Spring-Happy Canyon Study Areas indicate uranium mining and associated energy-related exploration. Information from 65 drill holes in the Bull Pasture area and around the Gibex Point area in the Dirty Devil Wilderness Study Area revealed an estimated 39,000 tons of low-grade uranium ore (Schreiner, 1984) .
Seventeen samples were collected from mines and prospects in and along the southern boundary of the Dirty Devil and French Spring-Happy Canyon Wilderness Study Areas. The 17 samples contained as much as 0.6 ounces silver per ton, 870 parts per million (0.087 percent) uranium, 25,000 parts per million (2.5 percent) copper, and 1,100 parts per million (0.11 percent) vanadium (Schreiner, 1984) .
No recorded production has come from these prospects, and because of the limited size of the occurrences no resources have been identified.
ASSESSMENT OF MINERAL RESOURCE POTENTIAL
Evaluation of the mineral resource potential of the Dirty Devil, French Spring-Happy Canyon and Horseshoe Canyon Wilderness Study Areas is based on (.1) investigations of mines and prospects; (2) geochemical investigations; and (3) geologic investigations.
Four levels of potential for the occurrence of mineral resources (high, moderate, low, and unknown) were defined on the basis of the following criteria.
High mineral resource potential is assigned to areas where geologic and geochemical characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data indicate a high degree of likelihood for resource accumulation, where data support mineral deposit models indicating presence of resources, and where evidence indicates that mineral concentration has taken place.
Moderate mineral resource potential is assigned to areas where geologic and geochemical characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data indicate a reasonable chance for resource accumulation, or where an application of mineral deposit models indicates favorable ground.
Low mineral resource potential is assigned to areas where geologic and geochemical characteristics define a geologic environment in which the existence of resources is unlikely.
Unknown mineral resource potential is assigned to areas where the level of knowledge is inadequate to classify an area into high, moderate, or low potential categories.
The Dirty Devil Wilderness Study Area and the extreme southwestern part of the French Spring-Happy Canyon Wilderness Study Area have a moderate potential for uranium ( fig. 3) . The uranium resource potential of the northeastern part of the French Spring-Happy Canyon Wilderness Study Area and all of the Horseshoe Canyon Wilderness Study Area is unknown. Uranium deposits showing minor copper and vanadium mineralization are in Triassic rocks exposed in a small area just south of the southern boundary of the Dirty Devil Wilderness Study Area and just west of the western boundary of the French Spring-Happy Canyon Wilderness Study Area (Schreiner, 1984 fig. 4) indicates that they trend north to northwest (Dubiel, 1983) in the subsurface of the Dirty Devil Wilderness Study Area and the southwestern part of the French Spring-Happy Canyon Wilderness Study Area.
Detailed mineralogic and geochemical studies of uranium ore deposits in Jurassic rocks of the Henry basin about 20 mi southwest of the study areas (Northrop, 1982) suggest that authigenic dolomite occurs in fluvial sandstone beds containing uranium ore deposits, either in the mineralized area or within about 1-2 mi of the mineralized areas. Rock samples from the lower part of the Chinle Formation, including the Shinarump and Monitor Butte Members, were collected for dolomite analysis where the Chinle crops out in adjoining areas just east and south of the study areas. The mineralogical analyses (done by X-ray diffraction) indicate that the areas of greatest concentration of dolomite coincide with the areas of the fluvial systems (fig. 4) ; this coincidence supports the concept that the fluvial systems may have some potential for uranium.
Detailed sedimentological studies of Jurassic rocks of the Henry basin about 15-30 mi southwest of the study areas (Peterson, 1980) show that uranium mineralization in fluvial sandstone beds occurs where the sandstone beds are overlain or underlain by carbonaceous mudstone strata. Sedimentological studies in the Chinle (Dubiel, 1983) in areas adjacent to the study areas show concentrations of carbonaceous mudstone in the lower part of the Chinle in the same areas where the fluvial systems and the dolomite are concentrated (fig. 4 ). Although these criteria are suggestive of some uranium mineralization, the lack of any known significant deposits in these areas, which have been heavily prospected, suggests that large deposits do not occur there.
Thus, the evidence indicates that the Dirty Devil Wilderness Study Area and the southwestern part of the French Spring-Happy Canyon Wilderness Study Area, which are underlain by the authigenic dolomite, carbonaceous mudstone, and the fluvial systems, have moderate potential for containing uranium deposits ( fig. 3) .
The northeastern part of the French SpringHappy Canyon Wilderness Study Area and the Horseshoe Canyon Wilderness Study Area do not appear to be underlain by the authigenic dolomite, carbonaceous mudstone, or the fluvial systems. However, the distance between the outcrop of the Chinle Formation and these two study areas is considered great enough for some uncertainty to exist as to the possible location of the underlying dolomite, carbonaceous mudstone, and fluvial systems. Thus, the northeastern part of the French Spring-Happy Canyon Wilderness Study Area and the Horseshoe Canyon Wilderness Study Area are considered to have unknown potential for containing uranium deposists. They are also considered to have low potential for metallic mineral deposits other than uranium ( fig. 3) .
Samples of stream sediments and panned concentrates from stream sediments were analyzed to determine the potential in the study areas for metallic resources other than uranium. These analyses indicate that there is low potential for metals other than uranium in the study areas.
The Dirty Devil, French Spring-Happy Canyon, and Horseshoe Canyon Wilderness Study Areas have been assessed as having a moderate potential for oil and gas by Molenaar and others (1983) and by . Thirty-six wells have been drilled in and near the study areas; although oil shows have been encountered in 14 of the 36 wells, none have produced oil or gas (Schreiner, 1984) . The Triassic Moenkopi Formation, the White Rim Sandstone Member of the Permian Cutler Formation, the Pennsylvanian Honaker Trail and Paradox Formations of the Hermosa Group of Wengerd and Matheny (1958) , and the Mississippian Leadville Limestone, which are known to occur in the subsurface of the study areas, have contained shows of oil and gas in the test wells (Schreiner, 1984) .
Of the three study areas, only the French SpringHappy Canyon Wilderness Study Area has high potential for being underlain by tar sands (oilimpregnated sandstones) ( fig. 3 ) in the Moenkopi Formation and the White Rim Sandstone Member of the Cutler Formation (Ritzma, 1973) . These deposits are part of Ritzma's (1973) Tar Sand Triangle deposit, which contains an estimated 12.5-16 billion barrels of heavy crude oil. Schreiner (1984) estimates that about 25 percent of the French Spring-Happy Canyon Wilderness Study Area is within the deposit. Assuming a uniform distribution of oil in the estimated resource area, approximately 10 percent, or 1.25-1.6 billion barrels of oil, may underlie about 25 percent of the French Spring-Happy Canyon Wilderness Study Area. Also, 70-80 percent of the French Spring-Happy Canyon Wilderness Study Area is in a larger area designated as the Tar Sand Triangle Special Tar Sand Area; additional oil resources may occur at depth in this area (Schreiner, 1984) . Accordingly, the French Spring-Happy Canyon Wilderness Study Area is assessed as having a high potential for tar sand deposits. The potential for tar sand deposits in the Dirty Devil and Horseshoe Canyon Wilderness Study Areas is unknown.
The study areas have some potential for materials that could be used for construction purposes.
Sand and gravel are present in terrace deposits along major stream courses, and most of the formations could be sources of building stone. However, larger and more accessible deposits of the same materials are available outside the study area and much closer to potential markets. 
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